Abstract
INTRODUCTION
Idiopathic clubfoot is a common birth defect that occurs in one per 1,000 births. The etiopathogenesis has been linked to several genes and environmental factors, such as consanguinity of the parents, smoking during pregnancy, maternal age, alcohol consumption, oligohydramnios, among others. Approximately 20% of clubfeet are associated with distal arthrogryposis, myelomeningocele, amniotic bands, or other genetic syndromes, and in some cases with talar vertical. In 80% of cases, the etiology is unknown and are referred to as idiopathic clubfoot, of which almost 25% have family history [1] [2] [3] [4] [5] . Children with idiopathic clubfeet may have problems with balance, coordination, gross motor function, strength and agility. Neurological developmental difficulties should also be taken into account at the time of assessment, since knowledge of these conditions could facilitate the management of treatment, and the support needed for the patient and their families. The perception of difficulties in mobility, day-to-day activities, pain and discomfort negatively affect the quality of life. The diagnosis of clubfoot has a negative psychological impact for the parents; therefore, it is important that they receive emotional support, information and education about the pathology [6] [7] [8] [9] [10] . Currently, the initial treatment of clubfoot is eminently conservative. Among the best-known conservative methods, we highlight the Ponseti method (PM) and the Functional physiotherapy method (FPM), also called the French method. The PM includes manipulation, serial casting, Achilles tendon tenotomy and foot abduction brace. Several studies have reported that PM achieved the initial correction in a shorter time (3 to 13 castings), and 79%-96% of cases are subjected to tenotomy. Some problems have been reported, which include plaster, the above-knee cast making the perineal hygiene more difficult, the removal of cast making it stressful for the child and parents, skin wounds that can be produced by the cast knife or saw, and even skin burns caused by exothermic reaction [11] [12] [13] [14] . The FPM is based on manipulations of the foot, bandages, splints and exercises adapted to the motor development of the child aimed to achieve a plantigrade and functional foot. The treatment is extended after the correction phase (around 3 mo) until the child reaches independent walking. The thermoplastic splints are light and of variable rigidity, easy to place by the parents, have good acceptance by the family and child, allow adequate perineal hygiene, and adapt to the phases of motor development. The FPM provides comprehensive care; it deals with very important aspects such as propioception, coordination, balance, flexibility, muscular reinforcement, resistance, facilitates the acquisition of motor skills, in addition to educating and training parents for the management of the pathology. The different approaches of the FPM [15] have enriched the working context of the different multidisciplinary teams, including Bensahel et al [16] [Robert Debré (RD) method], Seringe et al [17, 18] [Saint Vincent de Paul (SVP) method] and Diméglio et al [19] (Montpellier method). However, there is a lack of comparative studies between them. Our hypothesis was that the SVP method could achieve prolonged correction of deformities more efficiently than the RD method and decrease the rate of surgeries. The goal of this study was to compare the clinical results of the treatment of idiopathic clubfoot regarding both the improvement accomplished and the frequency of surgery needed to achieve a plantigrade foot with two FPM: the RD and SVP.
MATERIALS AND METHODS

Patients
This is a retrospective study of a series of cases of clubfeet (n = 71). The review of the therapeutic outcome was carried out on 46 children born between February 2004 and January 2012 with idiopathic clubfoot. The feet were treated in a public hospital with the RD method (n 1 = 34, before 2009) and the SVP method (n 2 =37, from 2009). Data were taken from the medical records. The children were between 1 and 45 d old when they began treatment, and had a minimum follow-up of two years. Before starting the treatment, feet were photographed (to observe the conditions of the feet in detail and the sequential progress during the treatment, serving as support of the information obtained with the scale), evaluated and then classified according to the severity based on the Dimeglio-Bensahel scale [20] by physicians or physiotherapists experienced with this rating system. This scale ranges from 0 to 20 points (0, 1-5, 6-10, 11-15 and 16-20, corresponding to normal, benign, moderate, severe, and very severe foot, respectively). This scale is widely used, and has proven to be reliable and reproducible in preceding intra-observer and interobserver studies [21, 22] . We included children that were treated in our hospital with moderate, severe and very severe idiopathic clubfoot; those who attended the treatment sessions and complied with good observance of the protocol (these data was reflected in the clinical records through the care control sheet carried out by the physiotherapist responsible for each case), and we excluded those classified as benign or non-idiopathic, those previously treated with another method in other hospitals, and those who did not perform the sessions or did not properly comply with the protocol. The Ethics Committee of the Nuestra Señora de Candelaria University Hospital approved this study.
Interventions
Trained physiotherapists with over ten years of experience working with the RD method performed the treatment. Our experience with the SVP method started in 2009 after the team received training in Paris.
The RD group was treated according to the approach proposed by Bensahel et al [16] , and also followed by Souchet el al [23] . We manipulated the foot daily and sequentially, and then applied elastic and nonelastic taping (closing the taping with a cohesive bandage to give greater consistency) between the sessions to maintain the correction obtained, until the pre-standing stage. When the child began to walk, a straight shoe was worn during the day and the Denis-Browne bar at nighttime. After correction of the foot was obtained, the parents continued the stretching, the splinting and exercises daily. The SVP group was treated according to the approach proposed by Seringe et al [17, 18] with an additional manipulation for the correction of the cavus, as previously described [11] . This additional manipulation consisted in slightly supinate position with the forefoot moving into its proper alignment with the hindfoot. We manipulated the foot daily and globally, applied an inextensible taping on a rigid plantar plate between the sessions, and then a splint was placed full-time to keep the foot aligned with respect to the leg. The physiotherapist shaped the splint according to the correction achieved and the growth of the child. When the child began to walk, a straight shoe was worn during the day and the short splint during naps, with an above-knee splint overnight. After correction of the foot was achieved, the parents continued the stretching, placing the taping, splinting and exercises daily.
Both interventions were similarly performed. Before starting the treatment, the team explained to the parents the procedure and the care needs. We also stressed that the adhesion of parents to the treatment is a prerequisite for success. Therefore, they were given clear instructions about the use of the splint and the importance of rigorously complying with the protocol. During the sessions, the parents were asked if they complied with the guidelines given and if they experienced any difficulty. The treatment was divided by stages, always adapted to each case: (1) Stage of deformities reduction: the first 3 mo, with physiotherapy daily; (2) Stage of maintenance: from 4th month until pre-standing, with physiotherapy two or three times a week. The parents were trained by the physiotherapist to perform daily stretching, taping, splinting and exercises; and performed these tasks in some sessions in order to check the training; (3) Stage of standing and walking: passive mobilizations, with active physiotherapy one or two times a week, adapted to the motor development of the child (some manipulations and active physiotherapy are shown in Figures 1 and 2 , respectively). In those cases in which we observed a slight adduct of the forefoot when the child walked, a flexible bandage was applied to use with the footwear in order to improve the support and realign the foot with the leg.
The manipulations were performed daily with gentle joint tractions with the child stress-free, each session lasted 30 min per foot and was done by the same physiotherapist. In each bimonthly consultation, the feet were rated again using the Dimeglio-Bensahel scale [20] in order to objectify the improvement achieved (also, a series of photographs of the feet were taken); a score ≤ 5 was considered good enough, and > 5 not good enough. If at 8 mo of age the treatment was no longer effective, the evolution was considered stabilized and two surgeons evaluated the need for surgery and the optimal time to perform it. In our hospital, it was generally between 10-11 mo old; the surgeon considered that upon re-initiation of physiotherapy post-surgery, the child would be prepared to stand up, and this contributed to maintaining the correction of the equine of the calcaneus. According to the clinical assessment, we estimated that for the feet that did not exceed 90 degrees ankle dorsiflexion, a percutaneous heel-cord tenotomy was scheduled. When the calcaneus remained elevated with contracture of the posterior soft tissues without reaching 90 degrees of dorsiflexion of the ankle, a limited release was scheduled (Achilles tendon lengthening, with subtalar and tibiotalar capsulotomy). In specific cases, limited surgery could be supplemented with release of the adductor hallucis, and/or plantar fascia through a mini-incision; these were noted as nonrelease surgeries). When the foot was not corrected, and kept triple deformation and stiffness, a complete release (extensive posteromedial release) would be indicated. The surgery was a complementary intervention and was tailored to the specific needs of each case, with an intent to be as conservative as possible. The feet were not X-rayed at the time of revision.
The immobilization was performed with long plaster in knee flexion at 90 degrees for 4-6 wk. At 3 wk, the cast was changed in the operating room under anesthesia to check the correctness achieved, the skin and the scar. The physiotherapy post-surgery was immediately provided to stabilize the correction achieved, including in cases of surgery for recurrence. When the child walked properly, the treatment was considered complete. Then the child was discharged and was controlled each month, then eventually every 3-6 mo, and throughout the growth to detect any functional impairment. If there was any deterioration, it was again referred to physiotherapy. We recommended using the splints up to 4-5 years old, according to severity and evolution.
We could not complete the data for three patients (four feet) because they did not follow the treatment properly for various reasons: three feet in the RD group (two of which developed an allergy to the taping and had to stop the treatment, and one of a child who was changed to another hospital) and one foot in the SVP group also due to a change of residence. Therefore, we did not get considered for the results.
Assessment of outcome
The primary outcome measure was the rate of the severity of deformity by the Dimeglio-Bensahel scale [20] . To get this scoring, the degrees of reducibility of the internal rotation of the calcaneo-forefoot block, the adduction of forefoot relative to hindfoot, the equinus and the varus of the hindfoot were measured using a small goniometer and the charts. These four components can add a maximum of 16 points. It was also taken into account whether the foot presented medial and posterior creases, cavus, and the poor muscle condition (hypertonic, contracture, amyotrophic). Each of these conditions adds one more point. A second outcome measure was the need of complementary surgery to achieve a plantigrade foot. Other data recorded were the affected laterality, gender, and date of birth. To achieve a plantigrade foot, patient outcome were defined as: (1) Very good, when obtained only by physiotherapy; (2) Good, complemented by percutaneous heel-cord tenotomy; (3) Fair, complemented by limited release; and (4) Poor, complemented by complete release. 
Statistical analysis
A biomedical statistician performed a statistical review of the study. The sample characteristics were summarized as relative frequencies of their component categories for nominal variables and as median (range) for numerical variables due to its nonnormal distribution. Comparisons between treatments were performed with the χ 2 tests for nominal variables and the U test for numerical ones. The odds-ratio (OR) analysis was used to determine the relapse rate of the approaches. We observed a 25% success rate (good and very good results) with the RD method; so in order to detect a clinically relevant difference of at least 40% more success with the SVP method, a sample of 31 feet in each treatment group would be required to achieve a study power of 90% in bilateral hypothesis testing with a level of statistical significance P ≤ 0.05. All calculations were carried out using the statistical software package IBM SPSS 24.0 ® for Windows NT ® .
RESULTS
Due to the lack of data from 3 patients (4 feet), the final sample consisted of 67 idiopathic clubfeet from 43 children (29 males and 14 females). Thirty-one feet (46%) were treated with the RD method and thirty-six feet (54%) were treated with the SVP method. The comparison of both groups at baseline is shown in Table 1 . Both groups showed homogeneity at baseline for all the considered factors; although the average age of the children in the SVP group was lower, the differences were not statistically significant. The comparison of the improvement achieved by category with RD and SVP groups at 8 mo with respect to baseline is shown in Table 2 . It has been found that the percentage of moderate feet that reached normality was lower in the group treated with the RD method (40%) compared to those who were treated with the SVP method (80%); the percentage of severe feet that managed to reclassify as benign was lower in the group treated with the RD method (16.6%) compared to those who were treated with the SVP method (100%); the percentage of very severe feet that managed to reclassify as benign was null in the group treated with the RD method (0%) compared to those who were treated with the SVP method (44.4%). A statistically significant difference was reached P = 0.001. The comparison of the results obtained by category at two years of age for the RD and SVP groups to achieve a plantigrade foot according to the procedure that was necessary is shown in Table 3 . It has been seen that only 60% of moderate feet treated with the RD method were corrected with physiotherapy versus 100% of those treated with the SVP method. The 100% of severe feet treated with RD needed limited surgery; while of those treated with SVP, 65% were corrected with physiotherapy and 35% with hell-cord tenotomy. With both methods, all very severe feet required limited surgery. The outcomes were very good for 19% (only physiotherapy), good for 7% (with heel-cord tenotomy), fair for 74% (limited posterior release), and poor for 0% (complete release); and very good for 58% (only physiotherapy), good for 17% (with heel-cord tenotomy), fair for 25% (limited posterior release), and poor for 0% (complete release) for the feet treated with RD and SVP methods, respectively (P < 0.001). In the RD group, surgery was supplemented with release of the adductor hallucis and/or plantar fascia in 11 feet, and in the SVP group it was supplemented only in two feet. Examples of the progression of the clubfeet with the RD and SVP methods are shown in Figures 3 and 4 , respectively. In the RD group, the relapses occurred between two and three years old in five very severe feet that initially had fair outcomes; these were treated again with physiotherapy, but required another limited surgery. In the SVP group, the relapses occurred at 3 years old in five feet. Four of these feet were initially very severe and one foot was severe. Three of these feet initially had a fair outcome; two feet required another limited surgery, and one foot at the time of review was undergoing physical therapy; and the remaining two feet that initially had good outcomes were rescued with physiotherapy. An OR = 1.20 indicates that the probability of relapse in the RD group is 1.2 times more than in the SVP group. It is shown in Table 4 .
DISCUSSION
We compared two approaches of the FPM regarding the improvement accomplished and the frequency of surgery needed to achieve a plantigrade foot. Our data indicate that the SVP method achieved prolonged correction of deformities more efficiently than the RD method, and substantially decreased the rate of surgeries. In this study, we revealed that both approaches managed to avoid complete surgery, which points to the overall effectiveness of the FPM. This shows that the physiotherapy achieved a more flexible foot, allowing a more conservative surgery. This is particularly significant because it has been shown that extensive surgery results in long-term overcorrection, stiffness, pain and osteoarthritis of the foot and ankle; a lesser correction is well-tolerated and easier to treat in adulthood than a hypercorrection [24] . Our major difficulty with the RD method was the failure to satisfactorily correct the equinus of the calcaneus; most children did not keep the feet inside the shoes with the Denis-Browne bar, despite the adjustments made inside the shoes. In these cases, we had to use only a simple taping. The taping was not enough to maintain the correction achieved in the sessions, and this therefore led to a high frequency of surgeries. In the RD group, two moderate feet improved and became benign, but required a limited release at 15 mo of age due to the persistence of the equine ankle; perhaps in this case, an early hell-cord tenotomy could have prevented it, but we thought that it was due to the lack of efficacy of the containment available. With the SVP method, we more effectively maintain the corrections, and this aspect defines its success. Our result was not due to a reflection of experience with the RD method, however the success rate of the SVP was a consequence of the SVP protocol itself. In the first place, the bandage used on the rigid plate has a greater consistency than just a simple bandage; the strips of tape are more effective because we can achieve a better traction over the calcaneus and fix them to the plate. Second, the rigid plate has the advantage of being angled to 20 degrees on the back in order to continue the descent of the calcaneus. Third, the splints we used were very effective to maintain the correction, adapting completely to each foot. Despite frequent checks and the education received by parents, who assured us that they had followed the instructions received, some families reported that they were unable to achieve compliance post-treatment of the splinting, and these were the cases that relapsed. The relapse rates had a negative association with the applied approach. We want to show when the first relapse appeared in each group, and to determine which approach was able to maintain the correction for a longer period. In the recurrent cases that required surgery, the limited surgery was considered the best option at this stage of growth, and also because the physical therapy was able to maintain the foot with degrees of flexibility, allowing us to consider a more conservative surgery. The improvement achieved with the RD method by category was similar to that described by Souchet et al [23] in the evaluation of the results at the end of the conservative treatment. They compared the outcomes of conservative treatment to the at-birth classification, and found that 50% of moderate feet had a reclassification to benign; 100% of severe feet improved and became moderate; the very severe feet improved and 60% became moderate. Our results with the RD group also correlated with those obtained by Van Campenhout et al [25] . In this study, 75% of the cases require an operation in order to achieve a plantigrade foot. Rampal et al [26] report that more than half of the cases treated with the SVP method do not require surgery; we obtained similar results with our SVP group (58% without any surgery). Different teams had compared the results of the FPM with the PM. Richards et al [27] define their good results as plantigrade foot with or without heel-cord tenotomy; they reported good results for 72% of the feet treated with the PM. Although they obtained better results with the PM than with the FPM, the differences did not reach statistical significance. In our SVP group, we found good results in 75% of the feet. The results obtained by Chotel et al [28] with the FPM showed 17% of hell cord tenotomy and 21% of surgeries (correlates with our SVP group, 17% and 21% respectively). However, these authors found that 94% of the feet treated with PM were subjected to hell-cord tenotomy and 16% required surgery. In this study, the difference between FPM and PM was the type of surgery applied, and this was also due to the criterion of surgical indication in each team. They showed that the increase in the ratio of hell-cord tenotomy in the FPM (24%) managed to decrease the ratio of need for surgery (10%). Two studies of magnetic resonance imaging (MRI) showed similar corrections achieved with the PM and the FPM, except for the persistence of Table 2 Comparison by category at 8 mo with respect to baseline the equine of the calcaneus on the feet treated with the FPM [29, 30] . We must bear in mind that these feet had not suffered any hell-cord tenotomy at the time of the last MRI study, contrary to the feet treated with the PM, and all feet had been subjected to the hell-cord tenotomy before the last MRI study. There is still controversy as to which method is better, but it has been demonstrated that both methods achieve similar results; the FPM is as effective as the PM, and the differences between them do not reach statistical significance [8, [31] [32] [33] . Regarding the learning curve of FPM approaches, we want to point out that learning and mastering the necessary skills to successfully apply the method takes time and requires knowledge. Thanks to its repetitive and extensive process, learning and experience are facilitated until reaching the stability that allows maintaining an adequate rhythm of work.
This study has limitations; the change from one treatment method to another resulted in an inherent bias in the techniques, since the onset of the SVP approach concurred with the learning curve of the latter by the physiotherapists. However, this did not appear to affect the comparability of groups, nor to the SVP group. In any case, the bias would have been produced against the SVP method, meaning that if our experience with the SVP protocol had matched the experience gained with the RD method, and if we had applied randomization, this would have generated even better results for the SVP group. Moreover, the rehabilitation department organization did not allow us to perform both treatment protocols simultaneously; for that reason, we carried out a retrospective study. Due to the high rate of surgery required for complete correction of idiopathic clubfoot using the RD method, we discarded the RD method in favor of the SVP method. In conclusion, the SVP method achieves prolonged correction of deformities more efficiently than the RD method; the best advantage of the SVP method is the greater number of cases without any surgeries. The SVP method should be regarded as a clearly beneficial option for the treatment of idiopathic clubfoot. Further studies are needed to corroborate or refute our results. Moderate 10 (32) 6 ( 
ARTICLE HIGHLIGHTS
Research background
Idiopathic clubfoot is a common birth defect that affects the musculoskeletal system. The initial treatment is conservative. The Functional physiotherapy method (FPM) is based on manipulations of the foot, bandages, splints, and exercises adapted to the motor development of the child to achieve a plantigrade and functional foot with the smallest surgical gesture possible. There are different approaches to the same method, but there is a lack of comparative studies between them. This study describes the results obtained with two approaches of this method [Robert Debré (RD) and Saint-Vincent-de-Paul (SVP)] revealing a significant difference in the ratio of surgeries before and after implementing the SVP method
Research motivation
The motivation behind this study was to detect the most effective FPM approach for maintaining corrections and reducing the rate of surgeries. This is very important because it would translate into saving resources, and would determine whether our institution should continue supporting the application of this method. The results of this study can encourage the implementation of FPM for us by other professionals who are seeking to both improve their interventions in clubfoot and reduce the ratio of surgeries.
Research objectives
The objective of this study was to compare two approaches of the FPM (RD and SVP) with regard to the improvement achieved and the frequency of surgery necessary to achieve a plantigrade foot, and to determine if the choice of one method or another would generate a substantial decrease in the rate of surgeries of clubfoot.
Research methods
A retrospective review of the therapeutic outcome was carried out for a series of 71 idiopathic clubfeet on 46 children born between February 2004 and January 2012. Data were taken from the medical records. The clubfeet were evaluated and classified according to severity by the Dimeglio-Bensahel scale; we included moderate, severe and very severe feet. Thirty-four feet were treated with the RD method, and 37 feet with the SVP method. The outcomes at a minimum of two years were considered as very good (by physiotherapy), good (by percutaneous hell-cord tenotomy), fair (by limited surgery), and poor (by complete surgery).
Comparisons between treatments were performed with the χ 2 tests for nominal variables, and U test for numerical ones. The OR test was used for relapse rates. A two-tailed P-value ≤ 0.05 was considered statistically significant.
Complete release was not required in any case; limited posterior release was done in 23 cases (74%) with the RD method and 9 (25%) with the SVP method (P < 0.001). The percutaneous heelcord tenotomy was done in 2 feet treated with the RD method (7%) and 6 feet (17%) treated with the SVP method (P < 0.001). Six feet in the RD group (19%) and twenty-one feet (58%) in the SVP group did not require any surgery (P < 0.001). The Dimeglio-Bensahel scale is useful for reflecting the severity of the deformity, and for analyzing the results category by category.
Research conclusions
Our hypothesis that the SVP method could achieve prolonged correction of deformities more efficiently than the RD method, as well as decrease the rate of surgeries, was confirmed in this study. The best advantage of the SVP method was the greater number of cases without any surgeries. No new methods were proposed in this study, but we would like to highlight that the SVP method is a clearly beneficial option for the treatment of idiopathic clubfoot.
Research perspectives
This study helped emphasize the importance controlling the equine of the calcaneus to avoid the need for surgery, and showed the efficacy of the FPM (the physiotherapy achieves a flexible, functional and painless clubfoot, and substantially reduces the need for surgery). The results obtained correlate with the initial severity of the deformity and with the protocol applied. The success of the treatment is based on two basic pillars: the adherence of parents to treatment and team training. It is essential to inform, educate and train the family, accompanied by a follow-up throughout the growth. We believe that it is necessary to carry out a future prospective investigation applying the SVP method with long-term follow-up. It is important to note that the current results obtained by different teams with the FPM correlate with those reported in the literature of the Ponseti method, and their differences do not reach statistical significance.
